Badger lungs contain dark granular foci (0.2 to 2.0 mm) comprising aggregates of enlarged macrophages containing birefringent crystalline particles. Particles were examined from the lungs of three badgers; many were silicates and a significant number were pure silica (SiO2). The particles and the accompanying pathology resembled mixed dust fibrosis and silicosis in humans, diseases associated with increased susceptibility to tuberculosis.
Badgers (Meles meles) are highly susceptible to infection with Mycobacterium bovis (3, 6, 11, 18) . Their susceptibility is associated with poor delayed-type hypersensitivity cellular immune responses as indicated by histopathological examination of lesions (6) , skin testing with mycobacterial protein extracts (10) , and in vitro correlates (17) . Hence the organism replicates extensively and the disease is progressive. It has been assumed that the susceptibility of badgers is an inherited species characteristic (25) .
Badger carcasses were examined by conventional necropsy procedures. The lungs consistently revealed macroscopic lesions, including areas of consolidation and congestion, and dark, pigmented, granular foci 0.2 to 2.0 mm in diameter. Lung tissues were fixed in 10% neutral buffered Formalin solution and processed by routine methods for paraffin embedding. Sections were stained with hematoxylin and eosin and Ziehl-Neelsen stain. Histological examination ( Fig. 1 and 2 ) of the pigmented areas showed enlarged macrophages, sometimes aggregated into granulomas, containing numerous crystalline particles, some of which were birefringent in polarized light. Silicotic nodules in the form of concentric hyalinized fibrous tissue as seen in humans suffering from silicosis were not present. Badger carcasses have been examined from numerous areas of England; they included road traffic casualties, those found dead away from roads, and others suspected of being infected with M. bovis. The crystalline material has been observed in all badger lungs, to a greater or lesser extent, irrespective of their geographic origin and tuberculosis status; these lesions have been reported previously (6) but not studied in detail.
Material from the lungs of three badgers was examined by scanning electron microscopy (SEM) combined with energy dispersive X-ray spectroscopy (EDX); we stress that these lungs were typical, not extreme or exceptional. One lung contained numerous acid-fast bacilli, and M. bovis was isolated by routine methods. The other two lungs were from badgers in which results from pathological, microscopical, cultural, and biological examination for M. bovis infection were negative. After confirmation by light microscopy of the presence of crystalline material in these tissues, the blocks were dewaxed in xylene and then cut into smaller pieces and transferred to fresh xylene. After complete removal of the paraffin, the tissues were washed three times in absolute ethanol and then rehydrated through graded ethanol into phosphate buffer. The tissues were digested in domestic laundry bleach (Clorox; 5.25% NaClO) (23) and washed again in absolute ethanol. The mixture was centrifuged at 300 x g for 5 min, and the pellet was suspended in a minimal amount of absolute ethanol. A drop of the suspension was pipetted onto the surface of a clean, polished carbon stub and dried in a desiccator. The specimen was coated with a 10-nm layer of carbon in a vacuum evaporator and examined at 20 kV on a Stereoscan 150 scanning electron microscope (Cambridge Instruments Ltd., Cambridge, United Kingdom) equipped with an energy dispersive X-ray spectrometer (Princeton Gamma-Tech Inc., Princeton, N.J.). Elements with an atomic number greater than 10 generate distinct peaks in the spectrograph. To obtain an estimate of the percentage of distribution of each type of particle, the Fig. 1 The inorganic residue included several types of particles distinguishable by size, morphology and chemical composition (Table 1 and Fig. 3) . Most commonly the chemical composition was consistent with silicates. Pure silica (SiO2) occurred frequently. In several cases, metals such as calcium, sodium, and iron were present only as minute constituents of the silicate complex. It was not possible to define the exact origin of the iron, but some would surely be endogenous, arising from hemoglobin and hemosiderin in tissues damaged by exogenous crystals. The reagents used to process the tissues were examined separately; they contained only few particles whose morphology and chemistry was quite different than those isolated from badger lungs.
The particles examined from badger lungs were comparable in size and chemical composition to those seen in humans with mixed dust fibrosis (20) . As in silicosis, such patients are highly susceptible to tuberculosis. It is believed that the silicates (except asbestos) are inert and that only SiO2 contributes to this increased susceptibility. The severity of the lesions is directly related to the absolute amount of SiO2. The more advanced the silicosis, the greater the susceptibility to active tuberculosis (4). This association apparently does not hold in experimental animals, in which injections of silica rapidly induce susceptibility (21, 26) ; the major conceptual differences compared with human tuberculosilicosis are that experimental silicosis usually involves single large doses of silica and that animals are predisposed to primary, not secondary, tuberculosis. It is important to emphasize that although the relative proportion of SiO2 in the badger lungs examined was low, the absolute content was probably high, judging by the amount of particulate matter revealed by histological examination. Unfortunately, when our SEM and EDX studies were performed, fresh badger lungs were not available, precluding quantification of the silica content. We hope subsequently to extend our studies to fresh lungs and to use a transmission electron microscope with EDX, which assesses more accurately the proportional distribution of the dust particles.
The initial inflammatory response to silica and silicates is accompanied by enhanced immune responsiveness (22, 24) , superseded by long-lasting immunosuppression (14, 15, 19, 22) . The immunosuppressive effects of silica are attributable to its specific toxicity for macrophages (19) . Silica disrupts the phagosomes in macrophages, resulting in autolysis by hydrolytic enzymes (2, 5, 12) . The silica is released and ingested by new macrophages. The end result, even of silicosis localized in the lung, is generalized macrophage deficiency. Antigen processing, macrophage cooperation with lymphocytes in induction of immune responses, and effector mechanisms such as lymphokine-induced macrophage activation are all affected. Thus, T-and B-cell responses dependent upon the involvement of macrophages are also reduced (14, 19) . Some silicates, such as chrysotile asbestos, can equal the toxicity of silica for macrophages (2) , and clinical asbestosis is accompanied by disturbances of the T-cell profile (13) . Species variation in susceptibility to these compounds occurs, howevef, and we can neither say that silicates are generally inert for badgers nor that silica will necessarily predispose these animals to tuberculosis. It is pertinent, however, that badger antibody responses to a variety of antigens are poor and blood monocytes are few (7) . Badgers prefer to dig their sets in sandy soil (11) . The major constituent of their diet is earthworms (Lumbricus terrestris) which they find on pasture land (9) . While rooting for earthworms or digging sets, badgers probably inhale and ingest substantial amounts of soil. The ease of entry of particles past the mucociliary escalator system and into the lungs depends on their aerodynamic properties but is facilitated if the nasal system is avoided, e.g., by habitual or continual mouth breathing (1) which must occur when badgers are feeding or digging. Particles similar to those found in lungs can be seen in gut lumen and sometimes in mesenteric lymph nodes, although not in the same striking amounts as in the lungs. Macrophages transport these particles from the gut to the lymphoid system (8) .
It seems possible, therefore, that badgers are immunosuppressed by silica, and possibly other materials, of environmental origin. This would increase their susceptibility to tuberculosis, but other factors such as badger movements and population densities would be important in introducing and maintaining infection in the susceptible community. Our hypothesis can be tested by comparing badgers raised with and without soil contact, an experiment which will require artificial rearing and careful control; similarly, proof that the badger is naturally susceptible to M. bovis cannot be obtained reliably in captured animals previously exposed to silica. The effects of soil particles on immune responsiveness of other burrowing animals, e.g., rabbits, might be worthy of study, and the possibility that environmental agents account for susceptibility to M. bovis and weak delayed-type hypersensitivity in the brushtail possum (Trichosurus vulpeclula) (16) should be investigated. 
